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mis invention relates to a (Unpenning device, end sore 
specifically, to a device suitable for dispensing dlocroto 
anotmta of fluid or particulate notarial entrained in an eir 
flow. in particular, the invention ia c on cerned with a 
dispensing device of the type where the no tared dose is 
administered in response' to the inhalation of the patient. 

Metered dose inhalers ere veil known in oedlcine for 
treatment, or alleviation of the effects of respiratory 
coaplainta, for exanple asthsa. Broath-actuated devices ere 
also known, and have been the subject of nany patent 
applications. 

CB 1288971; GB 1297993; C8 1335378; C8 1383761; 
CB 1392192; CB 1413285; W 85/01880; CB 2204799; 03 4803976 
and up 0186280a describe inhalation-actuated dispensing 
devices for use with a pressurised aerosol dispensing 
container. The device includes a dispensing container and the 
container includes a valve capable of releasing a no tared 
amount of the aerosol contents, when an internal spring 
operating the valve is coapressed by a sufficient amount. The 
dispensing device often comprises a chamber having a 
mouthpiece, eir inlets, actuating means for causing the 
actuation of the valve ia the dispensing container, a latching 
means for releasably retaining said metering valve in a 
charged position, and an inhalation responsive means for 
releasing the latch, such that a metered amount of aerosol 
c ompou nd is discharged into the region of the mouthpiece. The 
overall objective is to give coordination of discharge of 
medicament from the aerosol container with inhalation of the 
patient, thus allowing a maximum dose of - medicament to reach 
the bronchial passages of the lungs. 

The latching aeans is often connected to a valve which 
moves from a latching position to a dispensing position in 
response to a partial vacuum developed upon inhalation. 



EP-a-0045419 describes an inhalation device having 
blessing aeans which are alone of insufficient force to 
depress the container but which together are of sufficient 
force to do so. 

HF-A-186280 describes e device which employe magnate to 
control the release of the eerosol container. 

OS 3605739 describes devices in which the aerosol 
container communicates with the mouthpiece via a metering 
chamber. A metered quantity of the aerosol compound is 
discharged into the metering chamber and this is c o nveyed to 
the mouthpiece via an inhalation-actuated valve. 

CB 1269554 describes e device wherein the aerosol 
container is movable by a lever and cam system -into -a charged 
position by a latch, a pressure differential acting to 
trip the latch and novo the valve of the container to a 
discharge position. 

International Application Bo. PCT/GB91/02118 describes s 
metered dose inhaler in which an axlally movable dose 
dispensing assembly is subjected to a preload capable of 
actuating the delivery means thereof. This preload is Itself 
subjected to a resisting pneumatic force capable of preventing 
such actuation. A breath-actuated release valve is provided 
which, upon actuation, releases the resisting force to allow 
the preload to actuate the dose dispensing essesbly. Inlet 
vents are provided in an outer housing of the device for 
pessage of air through the housing to entrain a metered dose 
of medicament far inhalation by a patient. During use, when 
the device is carried in clothing pockets etc., foreign 
natter, such as fluff, may enter the outer casing through the 

It is an object of this invention to provide an improved 
breath actuated inhaler in which means are provided to inhibit 
tha Ingress of foreign natter therein, in e relatively simple 
and convenient manner. 

According to the present invention, there is provided a 
dispensing device for use with a drug delivery system, the 
dispensing device comprising a housing for receiving sale drug 



delivery system, the housing having air inlet means and a 
notsle through which a dose of nedicament entrained in en air 
flow is inhaled, in use, and having means for actuating said 
drug delivery system to dispense a doso of medicament, means 
for restraining said actuation means and means to release said 
restraining means, which release means. In one condition, 
close said air inlet means to inhibit ingress of foreign 
matter therethrough, and. In a second condition, actuate said 
release means to release said restraining means from 
restraining said actuation means thereby causing actuation of 
the drug delivery system, said release means being brought 
into said second condition from said first condition in 
response to inhalation through said nossle. * 

Seid release means may Include a movable closure member 
which, in said one condition, covers said air inlet means. 
Said closure member may be pivotally mounted within said 
housing whereby suction pressure created in the housing es a 
result of inhalation at said noztle acts on the closure nrnher 
to cause it to pivot to uncover said air inlet means and to 
release said restraining neans. 

Said actuation neans may comprise means for applying a 
preload capable of actuating said drug delivery system. 

Said restraining means may comprise means for applying a 
resisting pneumatic force capable of preventing actuation of 
said actuation means. The pneumatic resisting means may be 
provided by e gas, e.g. air, which is either held et a 
positive pressure greater than atmospheric or e negative 
pressure below atmospheric prior to release. The release 
neans will act to return the pressure to a t m ospher ic or prior 
equilibrium, thus allowing the full force of the preload to 



Said means for applying a resisting pneumatic force i 
comprise an expandable gas tight chamber, said release mei 
including valve neans which are opened, in said sea 
condition, to release a negative pressure prevailing in tu 
low i 
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XI though this device baa been described in particular 
relation to a system using air, it will bo roalisad that in a 
closed systea any suitable gas could be used. 

A device according to the invention is particularly 
suited far use with pressurized Inhalation aerosols having 
valves which can be actuated to dispense a dose of aodicanent. 
However In ether embodiments , a device according to the 
invention can be used with a dry powder drug delivery systea 
disposed within said housing, in which a dose of powdered 
medicament Is dispensed' by said systea into an air flow In 
said bousing created by inhalation at said noxile. 

In sons arrangements according to the invention for use 
with an aerosol dispensing container, the bousing cay Include 
an inner sleeve for enclosing the oain body of the aerosol 
container to da fin a a chaabar fox the aerosol container. The 
c hamber nay be defined at one end by a cross nenbor which 
a cco a no datea the valve of the aerosol and seals the chenber 
apart froa providing an aerosol outlet. The inner sleeve Is 
preferably sealed such that there is eliding airtight contact 
with the sleeve -hiwrtw such that the aerosol container and 
inner sleeve provide a piston effect against the cross member 
to fern the resisting load in the fore of a nigh pressure 
volune capable of preventing the actuation of the aerosol 
valve. 

in other arrangeaents according to the invention for use 
with an aerosol dispensing container, the housing nay incl u d e 
an inner sleeve for enclosing the top portion of the nain body 
of the aerosol container. This inner sleeve is preferably 
arranged to fora one end of an airtight piston cylinder, 
bellows or dlaphraga, such that movement of the inner sleeve 
vill result in an increase in the enclosed volune within the 
piston cylinder, bellows ox diaphragn producing a vacuus or 
low pressure volune to fora the resisting load (force) capable 
of preventing the actuation of the aerosol valve. 

In ease enbodiaents, the sleeve for the dispenser nay act 
as a sliding, airtight piston, except that instead of 



providing a high pressure volune, downwards notion eway frua 
the nain casing creates a low pressure volune. 

in a preferred arrangement, the pneuaatic resisting means 
Is fomod by the inner sleeve and a fixed insert in the outer 
chanber linked together by flexible bellows or by a sliding 
airtight seal between the sleeve and a cylinder- liXe extension 
to the insert. 

according to a feature of the invention, the preload eay 
be provided by a spring which operates, for exasple, against 
the aerosol valve. Preferably the preload is applied by a 
lever, pivoted in a recess boused in the outer chanber. The 
lever nay take the fora of a restraining lever preventing a 
loaded spring froa acting on the aerosol can until' operated. 
After operation the lever is used to reload the spring. 
Alternatively the lever nay bo connected via a plug to a 
spring which is In contact with the Inner sleeve ouch that 
aove&ent of the lever loads the spring. 

The release neans Bay coaprise e valve port In the 
aforesaid cross Basher. The valve port nay normally be 
covered by a flexible valve flop which on actuation is opened, 
allowing the preload to actuate the aerosol valve as pressure 
in the pneuaatic neans returns to the rest stats. In the 
enbodinent wherein the resisting force is a positive pressure 
of six, opening of the valve port releases the built-up 
pressure, and air escapes frua the enclosed volune, allowing 
the full force of the preload to act against the eerosol 
valve. In the eabodiaent wherein the resisting force is a 
vacuus or near vacuum, opening of the valve port allows air to 
enter the enclosed volune, again allowing the full force of 
the preload to act against the eerosol valve, 

A preferred breath-actuating release Deans conprises a 
movable vane aechenisa. This vane aechanisa nay be housed in 
the lover or upper part of the ch a mb er, depending upon the 
location of the resisting element. A valve seal Is prof ar ably 
attached to said vane, such that on inhalation the vane moves 
froa its rest position closing said inlet Beans to its 
actuating position, thus moving the valve seal out or contact 
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with the valve port, causing the opening of the valve. The 
vane aachanj sa is preferably dynamically balanced, and nay be 
blessed towards its dosed position, e.g., by a spring. 

Bald air inlets nay take the for* at elate in the wall of 
said housing. 

The Bedicament nay be a drug per se ox on any fora of 
carrier, e.g., including a powder or a gaseous carrier. 

The Invention will now be described by way of example 
only, with reference to the eccompanylng drawings, in which: - 

Figure l is a perspective view of an inhaler or the type 
to which the invention is applied; 

Figure 2 is a sectional view of e first embodiment of the 
invention; 

Figure 3 is an enlarged view of a dlaphraga for use with 
the enhodinent shown in Figure 2; 

Figure 4 is e sectional view of a second eabodiaent of en 
inhaler according to the invention; and 

Figures 5A and 5B ere diagrammatic details partly in 
section of the upper end sections of the inhalers of Figures 2 
end 4, respectively. 

Baf erring to Figures 1 and 3 of the drawings, there is 
shown an inhalation device which is essentially similar In 
construction and operation to the device described in 
International Patent Application So. PCT/GB9 1/02 118 (the 
disclosure of which is Incorporated herein by reference) with 
reference to Figures J to 5 thereof. The modification thereof 
according to the present Invention vill be described below. 

The inhalation device consists of e nain body or bousing 
400 which is generally cylindrical in cross section, with a 
mouthpiece section 405 at one end end an end cap 407 boosing 
air inlets 420 at the other end. A known type of aerosol 
dispensing container 29 of generally cylindrical shape is 
housed within the nain body of the device. The aerosol 
dispensing container has a stea 40 which contains an aerosol 
dispensing valve (not shown). The bore 15 is such that it 
fores an airtight seal on the stem 40 of the eerosol 
dispensing container 25. A shoulder 45 limits and locates the 



position of the a tern 40, which in turn locates the aerosol 
dispensing container 25 in position in the nain body 400. A 
passage 50 extends froa the bore 15, continuing froa the 
shoulder 45 to interconnect with a dispensing noxsle 55. 

The opposite end of the dispensing container Is contained 
within a sleeve 430 of siailar cross section to the main body 
400. The longitudinal axis of both the sleeve 420 and main 
body 400 is generally coaxial. The sleeve is in loose sliding 
contact with the inner wall of the nain body to allow free 
passage of air In the sain body pest the sleeve. The sleeve 
420 may be held in place by connection with a diaphragn 440 
held in connection with the "top of the main body 400, as will 
now be described. Thus, the sleeve 420 effectively hangs froa 
the top of the main body. 

One end of an e.g., moulded flexible diaphragn 440 (as 
shown alone in Figure 4) comprising a rigid disc-like section 
441, a flexible generally cylindrical wall section 445 and a 
stirrer connector section 447, is fitted eround e purpose-made 
groove 450 in the sleeve, e.g. by snap-fitting. A further 
aoulded lip 470 on the diaphragm provides e snug fit for one 
end of a compression spring 460. The compression spring is 
thus located and free to act on the sleeve. The other end of 
the compression spring Is located by an annular shoulder 481 
in a predominantly cylindrical flanged Insert 480 boused is 
the top section of the main body 400. This Insert Includes e 
oreove 490 into which the disc-like section 441 of the 
flexible dlaphraga 440 Is snap-fitted. 

The Joint between the diaphragn connector section 447 and 
Inner sleeve groove 450 is arranged to be airtight and the 
shape of the top surface 422 of the sleeve to cant cam to the 
Internal shape of the dlaphraga such that In the rest position 
of the inhaler the two surfaces are In close proximity, and 
the enclosed space between then very snail- 

The cylindrical insert 480 io retained In piece by the 
end cap 407 of the nain body of the device. This forms a 
590 between the air inlet slots 420 and the rigid part 
441 of the dlaphraga. The chanber is provided with one or 
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nore air pathway* 580 such that air nay peas fron the air 
Inlet eloto 420 to the mouthpiece 405. Tha rigid disc-like 
section 441 of the diaphragm also includes a snail valve port 
493 which is normally covoxed by a valve seal (flap) 540 
provided on an actuating closure lover pivo tally connected to 
the insert 480. The closure lover is generally L-shaped with 
a first leg 600 providing the valve seel 540. The second log 
«D1 of tha lever is provided, et its free end, with a lateral 
closure flap 602 adapted to close the two sets of air inlets 
430 into the housing 400, in the rest of the lever 550 in 
which the valve seal 540 closes valve port 495. 

The closure lever 550 in its rest position io subjected 
to a pressure drop created between the air inlets 420 and the 
Bouthpiece 405 when a user inhales at the mouthpiece. In this 
way, the ingress of fluff or other foreign natter into the 
housing 400, through the air inlet slots 420, is inhibited in 
a particularly convenient nanner. On m ove ment of the lever to 
the actuated position the valve seal {flap) 540 is 
sufficiently coved to open the valve port 495. (The vans 550 
nay be biassed closed by a light spring flexure, e weight ox 
a magnet not shown). 

' as shown in Figure 2, the end of the main body 400 having 
e pivot 500, has a recess adapted to receive a can 520 
integral with a dust cap 510 operating on the pivot. The 
recess further includes a passage comuM eating with a oinllar 
passage eoulded into the internal wall of the sain body 400. 
A can follower 530 extending fron the lower edge of the inner 
sleeve 420 acta on the can such that when the dust cap is in 
the closed position the inner sleeve is forced by tha 
can follower to its uppermost position. 

Vhen the dust cap is rotated to Its open position tha can 
profile le such that the can follower Is free to novo 
downwards by an anount sufficient to allow actuation of the 
device. 

In Its rest position with the dust cap 510 closed, the 
can follower 530 restrains the inner sleeve 420 in its 
uppermost position such that the enclosed space trapped 



between the diaphragm 440 and the top surface 422 of the inner 
sleeve is et s end the spring 460 is compressed. The 

valve port 495 is closed by the valve seal (flap) 540 and the 
sleeve (430 io clear of the top of the aerosol can 25 which io 
thus unloaded. 

When the dust cap is opened the integral can 520 le 
rotated thereby allowing the can follower 520 to drop by 
anount AA. The inner sleeve is farced downwards under the 
action of the spring 450. As the inner sleeve neves downwards 
the enolooed volume between the diaphragm 440 and inner sleeve 
is increased by a linear equivalent anount A'A', less than or 
equal to AA. Since the valve port 495 is closed this creates 
a low pressure volume or near vacuum in the space created 
between the diaphragm 440 and the upper surface 422 of the 
sleeve 420. The offset of the pressure differential between 
the enclosed volume 600 end atmospheric pressure is such that 
the inner sleeve tends to resist the action of the spring. As 
the inner sleeve moves downwards it contacts the aerosol can 
25 and begins compression of tha aerosol valve (not shown) . 

Downward movement of the Inner sleeve will continue until 
there is a balance of farces between the compressive force in 
the spring 460 end resisting forces created by the pressure 
differential and compression of the aerosol valve. The 
geometry of the device is arranged such that this balance 
occurs before the aerosol valve has been sufficiently 
compressed to actuate it. 

a typical aerosol requires about 2 OH fores to actuate. 
The spring 460 should accordingly provide a greater force, 
preferably 10% to 50% greater. 

It nay also be possible to arrange for the balance of 
forces to take piece before the inner sleeve has contacted the 
aerosol can, such that the spring force Is balanced by the 
resisting force produced on the inner eleove by virtue of the 
pressure differential. 

On inhalation by the patient through the mouthpiece 405, 
a small pressure differential is created across the closure 
lever. The pressure differential causes the lever to novo 
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from its rest position to its actuated position. The lever 
and the design of the air passageway 560 in the chamber 590 
are such that In the actuated position air can flow freely 
fron the air inlets 420 to the patient. 

The noveoent of the lever 550 causes the waive seal 
(flap) 540 to be moved out of a sealing position with the 
valve part 495. Opening the valve port el lows air into the 
space created between the diaphragm 440 and the Inner sleeve 
420 such that the enclosed space reaches atmospheric pressure. 
This causes an Inbalanco of forces acting on the sleeve 420 
and container 25. The sleeve end container are thus forced 
downwards by the spring 460 resulting in the release of a 
measured dose of medicament through the dispensing nossle 55 
and into the mouthpiece et the same tine es the patient 
breaths in. Thus the patient inhales air with a metered dose 
of medicament. 

After the inhalation of the dose by the patient, the dust 
cap 510 is returned to its closed position. This rotates the 
can 520 and causes the can follower 530 to bar forced upwards. 
This in turn acts on the inner sleeve 420 moving it upwards to 
compress the spring 460 end to close the space defined between 
the diaphragm 440 and Inner sleeve top surface 422. This 
forces air out of that space which escapes through the valve 
port 495. The aerosol can is free to return to the rest 
position under the action of its own aerosol valve spring. 

In use the patient loads the eerosol dispensing container 
into the main body. The eerosol container may be loaded by 
providing a coarse threaded screw between upper and lower 
sections of the main body 400. Bhen part of the main body 400 
has been onscrewed, the eerosol can be inserted. The sain 
body 400 can then ho replaced locating the inner sleeve over 
the top end of the can, and the device is ready far use. As 
described previously, the davice eoald be manufactured as a 
sealed unit. 

The davice nay be provided with means to provide a 
regulated air flow to the user ox inhaler. Thus a sonic 
device, e.g., a reed, nay be provided which sounds when the 
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inspired air flow is greater than a pro-set level, e.g., above 
30 to 50 litres per minute. The sonic device may be located 
in the mouthpiece 95 ox below the air Inlet 420. The sound 
produced warns the patient to breathe et a lower rate. 

The device nay alee be provided with a means such that it 
will not operate below a certain predetermined air flow rate, 
e.g., 10 to 30 litres per minute. In one enbedinent the 
closure lever 550 nay be blessed by e spring such that the 
predetermined minimum air flow Is necessary for it to move to 
Its actuated position and enable the valve seal to open. 

The main body of a dispensing device, es described in the 
first or second embodiment of this invention is preferably 
manufactured fron a plastic such as polypropylene, acetal or 
moulded polystyrene. It may however he manufactured fron 
metal or another suitable material. 

The inhaler illustrated in Figure 4 is generally similar 
to that illustrated in Figure 2 and like parts have been given 
similar reference numerals, in this construction, a different 
closure member end flep valve assembly is utilised. The 
closure member comprises a first lever 700 having a flap 
section 701 for closing the air inlet slots 420, in a rest 
position. The lever is pivots 11 y mounted on the Insert 480. 
The lever has a short downwardly projecting leg formed with e 
lateral projection 702 for intexengaging with an upwardly 
projecting leg 703 of e second L-shaped lever else pivots lly 
mounted on the insert 480. 

The second level carries an its horizontal leg 704 a 
diaphragm valve closure member 705 for sealing with an annular 
valve seat 706 which is upstanding from the upper surface of 
the flexible diaphragm 440 and encircles the outlet end of the 
valve port 540. 

In this arrangement, inhalation at the mouthpiece 405 
causes the first lever to rotate in e clockwise direction es 
seen in Figure 4. This in turn causes the second lever to 
rotate in the same direction thereby eventually lifting the 
valve closure member 705 off tha annular valve eeat 706. This 
releases the negative pressure in the chamber then defined 
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between the flexible diaphragm 44P end the upper eurtece of 
the Insert 420 from which it is than spaced, to allow the 
sleeve 430 end thz container 25 to be coved downwardly under 
the unrestrained action of the spring 460. This results In e 
measured dose of medicament being delivered into tha 
mouthpiece 405, in a similar fashion to the operation 
described above for the embodiment of Figures 2 end 3. 

The enbodinant of Figure 4 has the advantage over the 
embodiment of Figures 2 and 3, that it provides a larger 
effective area, whereby e relatively lower flow and/or lower 
pressure drop is required to actuate the device. 



CLAIMS 

1. * A dispensing device for use with a drug delivery 
system, the dispensing devica eeoprising a housing far 
receiving said dreg delivery system, the housing having air 
Inlet neens and a nozzle through which a dose of nedlcanent 
entrained In an air flow is inhaled, la use, end having Deans 
for actuating said drug delivery eystea to dispense e measured 
dose of medicament, means for restraining said actuation neans 
and neans to release said restraining means, which release 
seans, in one condition, close said air Inlet means to Inhibit 
Ingress of foreign matter therethrough* and. In a second 
condition, actuate said release neans to release said 
restraining means from restraining said actuation neans 
thereby causing actuation of the drug delivery system, said 
release neans being brought into said second condition from 
said first condition in response to Inhalation through said 
not tie. 

2. A dispensing device according to Claim 1 wherein 
said release means Includes a movable closure member which, In 
said one condition, covers said air Inlet means. 

3. A dispensing device according to Claim 2 wherein 
said closure member is pivotal ly mounted within said housing 
whereby suction pressure created In the housing as a result of 
inhalation at said no Ml© acts on the closure member to cause 
it to pivot to uncover said air inlet means and to release 
said restraining means. 

4. A dispensing device according to any one of 
Claims 1-3 wherein said actuation means comprises means for 
applying a preload capable of actuating said drug delivery 
ays tern. 

5. A dispensing dovlce according to any one of 
Claims 1-4 wherein said restraining means comprise means f or 
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applying a resisting pneumatic force capable of preventing 
actuation of said actuation neans. 

6. A dispensing device according to Claim 5 wherein the 
pneumatic resisting force Is provided by air which is either 
held at a positive pressure greater than atmo s ph er ic or a 
negative pressure below atmospheric prior to release. 

7. A dispensing device according to Claim 5 or Claim 6 
wherein said maana for applying e resisting pneumatic force 
comprises a low pressure chamber, said release means includi n g 
valve means which are opened, in said second condition, to 
release a negative pressure prevailing in said low pressure 
chimbffr in said one condition. 

6. A dispensing device as claimed In any one of the 
preceding Claims, wherein the housing provides a chamber for 
receiving said drug delivery system in the form of an aerosol 
container, the chamber being defined by an inner sleeve 
slldably mounted within the housing, the inner sleeve et least 
partly enclosing the main body of the aerosol container. 

9. A dispensing device as claimed in any one of 
Claims 1-6 wherein said actuating means comprises resilient 
neans for actuating the drug delivery system on release of 
said release means. 

10. A dispensing devica as claimed in Claims 6 and 8 
wherein said resisting pneumatic pressure Is a positive 
pressure created by cooperation of between Inner sleeve and a 
cress .member provided in the housing to form e piston and 
cylinder assembly. 

11. A dispensing device as claimed in Claim 10 wherein 
said actuating means comprise e lever pivotal ly mounted on the 
bousing, the lever being movable to preload a spring for 
exerting a pressure on the drug delivery system. 
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12. A dispensing device as claimed in Claim 6 or Claim 7 
wherein said pneumatic resisting force is a negative pressure 
created Inside an expandable airtight volume defined by e 
bellows, piston, cylinder or diaphragm. 

13. a dispensing device according to Claim 8 wherein 
said actuating means Include a spring acting on said inner 
sleeve, end wherein means are provided for resetting said 
actuating means after release thereof to cause actuation of 
the drug delivery system. 

14. A dispensing device according to Claim 13 wherein a 
cover for said nozxle Is movably mounted on said housing, and 
a control member associated with said inner sleeve cooperates 
with e cam formation provided on the cover such that, when the 
cover is closed, the control member moves the Inner sleeve to 
compress said spring and, when the cover is opened, the Inner 
sleeve Is moved under the action of the spring until the 
forces acting on the inner sleeve, including said pneumatic 
resisting force ore balanced, preparatory to release of the 
pneumatic resisting force in response to inhalation at said 
nozzle. 

15. A dispensing device substantially as hereinbefore 
described with reference to Pigs. 1 - 3, or Pigs. 1-3 when 
modified as in Fig. 4 or Fig. 5A or Fig. 5B, of the 
accompanying drawings. 

16. A dispensing device according to any one of the 
preceding claims in combination with a drug delivery system in 
the form of an aerosol dispensing container having e valve 
capable of being actuated to release e metered amount of the 
pressurized aerosol contents. 

17. A dispensing device according to any one of 
Claims 1-7, 9-12 in combination with a dry powder drug 
delivery system disposed within said housing and adapted to 
dispense, when actuated, a dose of powdered medicament into an 
air flow in said bousing created by inhalation at said nozzle. 
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